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(54) Exhaust gas purifying catalyst 

(57) In an exhaust gas purifying catalyst, an acid 
material with a high affinity with respect to an absorbing 
agent is dispersed and mixed in a catalyst layer, to 
which the absorbing agent is added, or a layer of the 
acid material is formed inside the catalyst layer in order 
to. prevent the absorbing agent from moving from the 
catalyst layer into the carrier. This reduces the permea- 
tion of the absorbing agent added to the catalyst layer 
into a carrier, the evaporation and splash of the absorb- 
ing agent from the catalyst, and the deterioration in the 
durability and the exhaust gas purifying performance of 
the catalyst 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present Invention relates generally to an 
exhaust gas purifying catalyst, and more particularly to 
an exhaust gas purifying catalyst that is able to keep a 
high purifying performance. io 

Description of Related Art 

[0002] A lean combustion type engine such as a 
lean burn engine and a cylinder fuel injection type 15 
engine is run at a lean air-fuel ratio that is lean than a 
stolchlometrical air-fuel ratio, in a predetermined run- 
ning range in order to improve a fuel consumption char- 
acteristic and an exhaust gas characteristic. While the 
engine is run at the lean air-fuel ratio, a three way cata- 20 
lyst cannot satisfactorily purify NOx (nitrogen oxide) in 
an exhaust gas. Therefore, It is well known that there is 
provided an NOx catalyst that absorbs the NOx in the 
exhaust gas in an oxide atmosphere, and the NOx 
absorbed by this catalyst is reduced to N 2 (nitrogen) in 25 
an reducing atmosphere to thereby reduce the amount 
of NOx discharged Into the air. An example of such an 
occlusion-type lean NOx catalyst is disclosed in Japa- 
nese Patent Provisional Publication No. 9-85093, potas- 
sium (K) as one of alkali metals is added as an NOx 30 
absorbing agent to the catalyst in order to improve an 
NOx absorbing performance. 

[0003] !f, however, the NOx catalyst to which the 
potassium is added is used at a high temperature for a 
long period of time, the catalyst may be cracked. This 35 
results in the deterioration in the durability of the NOx 
catalyst. 

[0004] In order to discover the cause of the deterio- 
ration in the durability, the inventors of the present 
invention manufactured an NOx catalyst, in which 40 
potassium as one of alkali metals is added as an NOx 
absorbing agent to a catalyst layer held In a honeycomb 
cordierite carrier (a porous carrier), and conducted a 
bench test of an engine equipped with this NOx absorb- 
ing agent and a running test of a vehicle provided with 45 
this engine. In the bench test and the vehicle running 
test, the engine and the vehicle were run under the con- 
dition that the NOx catalyst was exposed to a high tem- 
perature of not less than 650°C for a long period of time. 
After the running of the engine and the vehicle, an eie- so 
ment analysis was conducted with respect to a cut sur- 
face of the NOx catalyst by an EPMA method (an 
electron beam probe micro part analysis method). As a 
result, it was found that a compound of KMg4AI 9 Sl903 6 
of potassium, magnesium, aluminum, silicon and oxy- 55 
gen and a compound KAISi0 4 of potassium, aluminum, 
silicon and oxygen were present in a cordierite 
(Mg2AI 4 Si 5 0 18 ) layer of the catalyst 



[0005] According to the above tests, if the NOx cat- 
alyst is exposed to a high temperature, the potassium 
added to the catalyst layer (a wash coat) permeates the 
cordierite carrier, and reacts with the cordierite in a 
high-temperature atmosphere. It can be considered that 
the potassium easily permeates the cordierite carrier 
because the potassium compound has a high water sol- 
ubility and a low fusing point. When a compound with a 
different coefficient of thermal expansion from the 
cordierite is formed in the cordierite carrier, the cordier- 
ite carrier Is cracked with the change In a catalyst tem- 
perature during the use of the catalyst and before and 
after the use of the catalyst 

[0006] As stated above, the NOx catalyst including 
the potassium and the like as the absorbing agent is 
used in the oxide atmosphere. 

[0007] In the oxide atmosphere, the absorbing 
agent chemically reacts with nitrogen components and 
sulfur components in the exhaust gas to thereby form a 
nitrate and a sulfate of the catalyst. This deteriorates the 
NOx absorbing performance. The absorbing perform- 
ance can be recovered by forming the reducing atmos- 
phere around the NOx catalyst and dissolving the 
nitrate and the sulfate. In this case, however, the purify- 
ing performance may be deteriorated if the NOx catalyst 
is used at a high temperature for a long period of time. 
[0008] According to the results of the tests con- 
ducted by the inventors of the present invention, one of 
the causes of the deterioration In the purifying perform- 
ance is considered to be that the absorbing agent is 
gradually evaporated and splashed from the NOx cata- 
lyst at a high temperature and therefore a considerable 
amount of the absorbing agent is dissipated. More spe- 
cifically, the Inventors of the present invention manufac- 
tured the NOx catalyst in which the catalyst layer 
including the potassium as the absorbing agent is held 
in the cordierite carrier, and found a potassium content 
of an unused NOx catalyst by an XRF method (an X-ray 
fluorescence analysis method). Then, they found the 
potassium content of the catalyst after the use of the 
catalyst at a high temperature for a long period of time 
(e.g., at 850°C for 32 hours), and then found the dissi- 
pated amount of the potassium by dividing a difference 
in the potassium content before and after the use of the 
catalyst by the original potassium content. Conse- 
quently, the dissipated amount of the potassium was 
found to be dozens of % to 50%. 
[0009] It is therefore an object of the present inven- 
tion to provide an exhaust gas purifying catalyst that is 
able to significantly reduce the degree to which the 
exhaust gas purifying performance is deteriorated due 
to the dissipation of the absorbing agent. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present inven- 
tion to provide an exhaust gas purifying catalyst that Is 
able to significantly reduce the degree to which the 
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exhaust gas purifying performance Is deteriorated due 
to the dissipation of the absorbing agent 
[0011] The above object can be accomplished by 
providing an exhaust gas purifying catalyst, which 
includes a carrier and a catalyst layer and in which at s 
least one of alkali metals and alkali earth metals is 
added as an absorbing agent to the catalyst layer, the 
exhaust gas purifying catalyst wherein: an inhibiting 
agent is provided in the catalyst layer in order to inhibit 
the movement of the absorbing agent in the catalyst 
This inhibits the movement of the absorbing agent in the 
catalyst, and prevents the dissipation of the absorbing 
agent due to the evaporation, splash, etc. of the absorb- 
ing agent from the catalyst, and the deterioration in the 
exhaust gas purifying performance of the catalyst. 
[0012] Preferably, the inhibiting agent is dispersed 
and mixed In the catalyst layer, or is provided In a form 
of a layer in the catalyst. Only diffusing and mixing the 
inhibiting agent in the catalyst layer inhibits the move- 
ment of the catalyst, but the movement of the inhibiting 
agent can be surely prevented by providing the inhibit- 
ing agent in the form of the layer. 
[0013] Preferably, the inhibiting agent includes an 
acid oxide including at least one acid substance 
selected from transition elements of IV, V and VI groups 
and typical elements of IV, V and VI groups; a compos- 
ite oxide including the at least one acid substance; and 
at least one material selected from a group composed 
of a material that never disturbs a reactivity between a 
nitrogen oxide and the absorbing agent and a material 
that absorbs a reduced substance. In this case, the 
inhibiting agent may include zeolite or Include an acid 
oxide comprised of at least one acid substance among 
silica, titanium and tungsten. 

[0014] Preferably, the absorbing agent includes 
potassium, and the carrier is comprised of a porous car- 
rier. 

[0015] Moreover, the layer of the inhibiting agent 
preferably comprises at least one of the following: a 
layer with a high acidity, a layer with a large specific sur- 
face, a layer with a small crystal lattice, a layer com- 
posed of an element compound with a heavy molecular 
weight, and a layer with a high basicity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The nature of this invention, as well as other 
objects and advantages thereof, will be explained in the 
following with reference to the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures and wherein: 

Fig. 1 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a first embodiment of the 
present invention; 

Fig. 2 Is a view showing the affinity with respect to 
potassium of an acid material; 



Fig. 3 Is a view showing a potassium content of a 
catalyst layer after an exhaust gas purifying catalyst 
is used at a high temperature for a long period of 
time; 

Fig. 4 is a view showing an NOx purifying efficiency 
of an exhaust gas purifying catalyst after the 
exhaust gas purifying catalyst is used at a high tem- 
perature for a long period of time; 
Fig. 5 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a second embodiment of 
the present invention In the case where an acid 
material is composed of particles or blocks; 
Fig. 6 is a conceptual view showing a potassium fix- 
ing operation by a cation exchange ability of zeolite; 
Fig. 7 is a partially-enlarged cross-sectional view 
showing a quarter of a shell In an exhaust gas puri- 
fying catalyst according to a third embodiment of 
the present invention; 

Fig. 8 is a conceptual view for describing the state 
wherein a silica layer is formed inside a pore of a 
cordierlte carrier; 

Fig. 9 is a partially-enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a fourth embodiment of 
the present invention; 

Fig. 10 is a partially- enlarged cross-sectional view 
showing a quarter of a shell in an exhaust gas puri- 
fying catalyst according to a fifth embodiment of the 
present invention; 

Fig. 1 1 is a conceptual view showing a potassium 
fixing operation by a cation exchange ability of zeo- 
lite, which constitutes an inhibition layer of a cata- 
lyst In Fig. 1 0; 

Fig. 12 is a view showing a potassium content after 
a catalyst in Fig. 10 is used at a high temperature 
for a long period of time, compared with an original 
catalyst, a catalyst in Fig. 7 and a catalyst in Fig. 9; 
and 

Fig. 13 is a view showing an NOx purifying effi- 
ciency after a catalyst in Fig. 10 is used at a high 
temperature for a long period of time, compared 
with an original catalyst, a catalyst in Fig. 7 and a 
catalyst in Fig. 9. 

PET A IIEP PES CRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Preferred embodiments of an exhaust gas 
purifying catalyst according to the present invention will 
be described hereinbelow. 

[0018] First, a description will be given of the first 
and second embodiments wherein an inhibitor is dis- 
persed and mixed in a catalyst layer. 
[001 9] The exhaust gas purifying catalyst is an NOx 
catalyst having an honeycomb cordierite carrier com- 
posed of many cells. Fig. 1 shows a part of a cell In the 
cordierite carrier. The cell of the cordierite carrier 10 is, 
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for example, quadrangular. A catalyst layer 20 Is held on 
a surface of the cordierite carrier 1 0. The cordierite car- 
rier 10 is produced by, for example, mixing alumina pow- 
der, silica powder and magnesia powder so that the 
ratio thereof can conform to the composition of a 
cordierite, diffusing the mixed powder In water, forming 
a solid content thereof in the shape of a honeycomb, 
and sintering the honeycomb compact 
[0020] For example, the catalyst 20 is formed in a 
manner described below. First, a slurry including a 
noble metal such as platinum, an alkali metal or an 
alkali earth metal such as potassium (K) and barium (B) 
as an N Ox absorbing agent, an acid material (an inhibi- 
tor) 30 such as silicon (Si), and the like is prepared. 
Then, the cordierite carrier 10 is Immersed in the slurry, 
and is dried and sintered. Consequently, the acid mate- 
rial 30 is mixed in the catalyst layer including the noble 
metal and the alkali metal or the alkali earth metal. 
[0021 J The NOx absorbing agent is typically formed 
of potassium (K) or barium (Ba), but the present inven- 
tion is not restricted to this specific example. The NOx 
absorbing agent may be formed of any kinds of alkali 
metals or alkali earth metals. The acid material (the 
inhibitor) 30 is typically formed of silica (silicon oxide), 
but as shown in Fig. 2, the oxide material 30 may be 
formed of any kinds of transition elements of IV, V and 
VI groups or typical elements (e.g., R S, V, Cr, As, Nb, 
Mo, W) of IV, V and VI groups. Preferably, the acid mate- 
rial 30 has a high affinity with respect to the alkali metal 
or the alkali earth metal as shown in Fig. 2 (Fig. 2 shows 
the affinity with respect to the potassium for example), if 
a reactivity with respect to the NOx absorbing agent Is 
taken into consideration, the acid material 30 is prefera- 
bly silicon (Si) or tungsten (W) in the case where the 
NOx absorbing agent is formed of the potassium. Pref- 
erably, the acid material 30 never disturbs the reactivity 
with respect to the NOx and the NOx absorbing agent 
[0022] The acid material 30 may be a composite 
material if it has the affinity with respect to the NOx 
absorbing agent Therefore, the acid material 30 may be 
zeolite, which has a cation exchange ability equivalent 
to the affinity. 

[0023] The above processing acquires an NOx cat- 
alyst in that the cordierite carrier 1 0 is coated with the 
catalyst layer 20. As is well known, the NOx catalyst is 
contained in a case through a cushioning material, and 
the case Is arranged In an exhaust pipe of a lean burn 
internal combustion engine. 

[0024] The NOx catalyst absorbs NOx as nitrate in 
an exhaust gas under the operation of catalyst species 
dispersed in the catalyst layer 20 while the engine is run 
at a lean air-fuel ratio. When the engine is run at a rich 
air-fuel ratio, the nitrate is dissolved, and the absorbed 
NOx is reduced to nitrogen and is emitted from the NOx 
catalyst into the air. 

[0025] If the internal combustion engine provided 
with the NOx catalyst is run for a long period of time, the 
NOx catalyst is exposed to a high temperature. If the 



NOx catalyst is a conventional NOx catalyst whose 
cordierite carrier is coated with a catalyst layer to which 
the potassium or the barium (hereinafter only referred to 
as the potassium) as the NOx catalyst is only added, the 

5 potassium moves to the cordierite carrier to react with 
silica components and the like in the carrier to produce 
a compound and crack the cordierite carrier. This dam- 
ages the durability of the NOx catalyst. 
[0026] According to an elementary analysis by an 

io EPMA method, the NOx catalyst of the present embod- 
iment prevents the production of the compound of the 
potassium added to the catalyst layer 20 and the silica 
components of the cordierite carrier 10 even if the NOx 
catalyst is used at a high temperature for a long period 

15 of time. This is because the acid material 30 such as the 
silicon as well as the potassium is mixed in the catalyst 
layer 20, and therefore the potassium Is dispersed In 
and is attracted to acid material particles due to the 
affinity of the acid material 30 so that the potassium can 

20 desirably be held without moving in the catalyst layer 
20. 

[0027] When the potassium content of the catalyst 
layer 20 was measured after the NOx catalyst was used 
at a high temperature for a long period of time, it was 
25 found that a considerable amount of potassium still 
remained in the catalyst layer 20 compared with the 
case where the catalyst layer, in which the acid material 
was not mixed, was used as in the prior art (indicated by 
a broken line). 

30 [0028] Moreover, the reason why a considerable 
amount of potassium remains in the catalyst layer 20 is 
as follows. In the case of the conventional NOx catalyst, 
the nitrate of the potassium has a low fusing point, and 
thus, the potassium easily moves In the catalyst if It Is 

35 exposed to a high temperature, and is easily evaporated 
and splashed due to a low boiling point of the potas- 
sium. On the other hand, the NOx catalyst of the 
present embodiment reduces the evaporation and 
splash of the potassium due to the affinity with respect 

40 to the acid material 30, and therefore, the potassium is 
steadily held in the catalyst layer 20. 
[0029] Particularly if the catalyst layer 20 Includes 
zeolite as the acid material 30, a more satisfactory 
result can be achieved since the zeolite has the cation 

45 exchange ability. 

[0030] More specifically, the NOx absorbing agent 
such as the potassium moving in the NOx catalyst may 
be ionized under the presence of high -temperature 
vapor. If the catalyst layer 20 includes the zeolite, the 

so NOx absorbing agent is fixed as ions due to the cation 
exchange ability of an acid point on the zeolite as shown 
in Fig. 6, and this prevents the movement of the NOx 
absorbing agent toward the carrier. 
[0031] The zeolite has a three-dimensional mesh 

ss structure, and has a large specific surface. Thus, the 
zeolite is capable of screening molecules. The NOx 
absorbing agent such as the potassium is highly dis- 
persed on the zeolite, and thus, further inhibits the 
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movement of the NOx absorbing agent Into the carrier. 
[0032] Even when the internal combustion engine is 
run at the lean air-fuel ratio, the exhaust gas includes a 
small amount of HC. The zeolite has an excellent per- 
formance to fix the NOx absorbing agent and absorb the s 
HC, and the HC absorbed onto the zeolite promotes the 
dissolution of the nitrate and sulfate of the NOx absorb- 
ing agent More specif ically, when the internal combus- 
tion engine is run at the lean air-fuel ratio, the zeolite 
having the HC absorbing performance continuously dis- 10 
solves the nitrate and sulfate of the NOx absorbing 
agent by using the small amount of HC Included in the 
exhaust gas, thereby recovering the NOx absorbing 
performance of the catalyst 

[0033] The zeolite layer 150 may be formed of vari- is 
ous types of zeolite such as such as MFI type, Y type, X 
type, mordenite and ferrielite. It is necessary to select 
zeolite which conforms to the composition of the 
exhaust gas in view of the structure relevancy with an 
absorption HC specie. 20 
[0034] The cation exchange ability and the heat- 
resisting performance of the zeolite depend on the com- 
position of the zeolite. More specifically, the cation 
exchange ability, is in inverse proportion to a ratio 
S1O2/AIO2 of the zeolite, and the heat-resisting per- 25 
formance is in proportion to this ratio. Therefore, 
increasing this ratio as much as possible improves the 
heat-resisting performance of the catalyst, and decreas- 
ing the ratio reduces the dissipated amount of the NOx 
absorbing agent when the catalyst is used at a high so 
temperature for a long period of time. 
[0035] As stated above, the exhaust gas purifying 
catalyst of the present invention can steadily hold the 
NOx absorbing agent such as potassium in the catalyst 
layer 20 without moving and splashing it This prevents 35 
the production of a compound with a different coefficient 
of thermal expansion from that of the cordierite carrier 
10 in the cordierite carrier 10 to thereby prevent the 
crack of the cordierite carrier 1 0, which results from the 
production of the compound, and improve the durability 40 
of the exhaust gas purifying catalyst This maintains the 
excellent exhaust gas purifying performance. 
[0036] When the NOx purifying efficiency of the 
NOx catalyst was checked after the NOx was used at a 
high temperature for a long period of time, it was found 45 
that the present invention maintained the higher NOx 
purifying efficiency regardless of the catalyst tempera- 
ture as indicated by a solid line in Fig. 4 compared with 
the case where the catalyst layer, in which the acid 
material was not mixed, was used as in the prior art so 
(indicated by a broken line). 

[0037] One of substances for deteriorating the puri- 
fying performance of the NOx catalyst is a sulfate com- 
prised of sulfur components. The exhaust gas purifying 
catalyst of the present invention can disperse and hold 55 
the NOx absorbing agent such as potassium in the cat- 
alyst layer 20, and this prevents the growth of such a 
sulfate. 
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[0038] In the above-described first embodiment, the 
acid material 30 is mixed as fine powder in the catalyst 
layer 20, but the acid material 30 may be relatively large 
particles or blocks if it is mixed in the catalyst layer 20. 
The present invention can be applied favorably to such 
a case (the second embodiment). 
[0039] In the above-described first embodiment, the 
honeycomb cordierite carrier is used as a porous car- 
rier, but the present invention can also be applied to an 
exhaust gas purifying catalyst provided with a carrier 
formed of material other than the cordierite. The use of 
a metal carrier prevents the splash of the absorbing 
agent and prevents the deterioration of the exhaust gas 
purifying performance of the catalyst, although the pre- 
vention of the permeation of the NOx absorbing agent 
into the carrier is nearly out of question. The honey- 
comb cordierite carrier is used, the cells thereof are not 
only quadrangular but also triangular and hexagonal. 
[0040] There will now be described the first through 
fifth embodiments of the structure in which a layer of the 
acid material is formed in the catalyst layer. 
[0041] As Is the case with the first embodiment, an 
exhaust gas purifying catalyst of the third through fifth 
embodiments has a honeycomb (monolith) cordierite 
carrier composed of many cells. Fig. 7 shows a part of a 
cell in the cordierite carrier. For example, the cells of a 
cordierite carrier 1 10 are quadrangular. A surface of the 
cordierite carrier 110 is coated with a silica layer 120, 
and a catalyst layer 130 is held on a surface of the silica 
layer 120. Potassium (K) and barium (Ba) are added as 
an NOx absorbing agent to the catalyst layer. The silica 
layer 120 functions as an inhibition layer for Inhibiting 
the permeation of the potassium into the cordierite car- 
rier 1 1 0 (more generally, a porous carrier). 
[0042] The cordierite carrier 11 0 is produced by, for 
example, mixing alumina powder, silica powder and 
magnesia powder so that the ratio thereof can conform 
to the composition of a cordierite; diffusing the mixed 
powder in water; forming a solid content thereof in the 
shape of a honeycomb; and sintering the honeycomb 
compact 

[0043] For example, the silica layer 120 Is formed 
on the surface of the cordierite carrier 1 1 0 in a manner 
described below. First, water-soluble salt of a silicon 
compound is diluted by water to prepare an aqueous 
solution with a predetermined concentration, and the 
cordierite carrier 110 is Immersed in the aqueous solu- 
tion. The aqueous solution of salt of the silicon com- 
pound is absorbed into the surface and a surface layer 
of the cordierite carrier 1 1 0 due to the hydrophilia of the 
cordierite 110. Then, the cordierite carrier 110 is dried 
to evaporate the water content, and the salt of the sili- 
con compound is absorbed into the surface and the sur- 
face layer of the cordierite carrier 110. When the 
cordierite carrier 1 1 0 is heated, the salt of the silicon 
compound is dissolved to form the silica layer 120 on 
the surface of the cordierite carrier 110. In short, the 
cordierite carrier is coated with the silica layer 120. 
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[0044] An optimum concentration of the aqueous 
solution of salt of the silicon compound used for the for- 
mation of the silica layer 120 is mainly changed accord- 
ing to the hydrophilic characteristic of the cordierite 
carrier 110. 

[0045] Accordingly, the elementary analysis is pref- 
erably performed with respect to the surface layer of the 
cordierite carrier by the EPMA method or the like in 
order to confirm a relationship between the concentra- 
tion of the aqueous solution and the coated state in 
advance. Finding the optimum concentration of the 
aqueous solution of the salt of the silicon compound In 
advance acquires the optimum coated state that 
ensures the adhesiveness between the cordierite car- 
rier and the catalyst layer, and prevents the permeation 
of the potassium into the silica layer. For example, the 
catalyst layer 130 is formed on the surface of the silica 
layer 120 in a manner described below. First, a slurry 
including powder that is mainly composed of noble 
metal such as platinum, an alkali metal such as the 
potassium, and an alkali earth metal such as barium is 
prepared. Then, the cordierite carrier 110 coated with 
the silica layer 120 is immersed in the slurry and is dried 
and sintered. 

[0046] This obtains an NOx catalyst in which the 
cordierite carrier 110 is coated with the catalyst layer 
130 through the silica layer 120. As is well known, this 
NOx catalyst is contained in a case through a cushion- 
ing member, and is arranged in an exhaust pipe of a 
lean combustion internal combustion engine. 
[0047] This NOx catalyst absorbs NOx as nitrate as 
in exhaust gases under the operation of catalyst spe- 
cies dispersed in the catalyst layer 130 while the engine 
is run at a lean air-fuel ratio. While the engine is run at a 
rich air-fuel ratio, the NOx catalyst dissolves the nitrate 
and reduces the absorbed NOx to nitrogen, which is 
emitted from the NOx catalyst Into the air. 
[0048] If the internal combustion engine provided 
with the NOx catalyst is run for a long period of time, the 
NOx catalyst is exposed to a high temperature. If the 
NOx catalyst is a conventional NOx catalyst whose 
cordierite carrier is coated with a catalyst layer to which 
the potassium is added, the potassium moves to the 
cordierite carrier to react with silicon and the like in the 
earner to produce a compound and crack the cordierite 
carrier as described previously. This damages the dura- 
bility of the NOx catalyst. According to the elementary 
analysis by the EPMA method, the NOx catalyst of the 
present embodiment prevents the production of the 
compound of the potassium added to the catalyst layer 
20 and the silica components of the cordierite carrier 1 0 
even If the NOx catalyst is used at a high temperature 
for a long period of time. This is because the silica layer 
120 prevents the potassium from moving from the cata- 
lyst layer 130 into the cordierite carrier 110. Since a 
compound with a different coefficient of thermal expan- 
sion from the cordierite carrier 110 is not produced in 
the cordierite carrier 1 1 0, the cordierite carrier 1 1 0 can 
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be prevented from being cracked due to the production 
of such a compound. 

[0049] There will now be described an exhaust gas 
purifying catalyst according to the fourth embodiment of 

5 the present invention. 

[0050] As shown in Fig. 9, the exhaust gas purifying 
catalyst of the fourth embodiment Is different from that 
of the third embodiment in that a titania layer 1 40, which 
is comprised mainly of a titanium dioxide (Ti0 2 ), is 

10 formed as an inhibition layer instead of the silica layer 
120. Otherwise, the exhaust gas purifying catalyst of the 
present embodiment has the same structure as that of 
the third embodiment. The exhaust gas purifying cata- 
lyst of the present embodiment can be manufactured in 

15 substantially the same manner as that of the third 
embodiment. 

[0051] According to the elementary analysis by the 
EPMA method, the exhaust gas purifying catalyst of the 
present embodiment in which the titania layer is formed 

20 between the cordierite carrier 110 and the catalyst layer 
130, the potassium added to the catalyst layer 130 is 
prevented from permeating the cordierite carrier 110 
even if the catalyst is used at a high temperature for a 
long period of time. Since the permeation of the potas- 

25 sium is prevented, the exhaust gas purifying catalyst of 
the present embodiment has an excellent durability, and 
reduces the loss of the potassium from the catalyst layer 
130 for the same reason as is the case with the silica 
layer. 

30 [0052] There will now be described an exhaust gas 
purifying catalyst according to the fifth embodiment of 
the present invention. 

[0053] As shown in Fig. 1 0, the exhaust gas purify- 
ing catalyst of the fifth embodiment is different from that 

35 of the third embodiment in that a zeolite layer 150 is 
formed as an inhibition layer, instead of the silica layer 
1 20. Otherwise, the exhaust gas purifying catalyst of the 
present embodiment has the same structure as that of 
the third embodiment. The exhaust gas purifying cata- 

40 lyst of the present embodiment can be manufactured in 
substantially the same manner as that of the third 
embodiment. 

[0054] When the zeolite layer 150 is formed in the 
cordierite carrier 1 1 0, zeolite components may be dis- 

45 persed in an aqueous dispersing agent as is the case 
with the third embodiment, but the zeolite components 
may be dispersed may also be dispersed in an organic 
dispersing agent It is possible to use an underwater 
dispersed matter (sol) and an electrified diffusing solu- 

50 tion (colloid) of a hydrate of silica, alumina or the like. 
[0055] In the catalyst of the present embodiment 
provided with the zeolite layer 150 as the inhibition layer, 
the zeolite layer 150 has an acid point with a cation 
exchange ability, and has an excellent ability to fix an 

55 absorbing agent (potassium in the present embodi- 
ment). The absorbing agent moving in the catalyst may 
be Ionized under the presence of vapor at a high tem- 
perature. As shown in the conceptual drawing of Fig. 1 1 , 
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the absorbing agent such as the potassium is fixed as 
ions due to the cation exchange ability of the acid point 
on the zeolite layer 150. The zeolite layer 150 has a 
large specific surface due to its three-dimensional mesh 
structure. The potassium is highly dispersed on the zeo- 5 
lite that is constructed in the above-mentioned manner, 
and this makes it difficult for the potassium to permeate 
the cordierite carrier 110. The zeolite layer 150 has an 
excellent ability to absorb a reduced substance (e.g., 
reduced gas such as HC). Even when the internal com- 
bustion engine Is run at the lean air-fuel ratio, the 
exhaust gas includes a slight amount of HC, and the HC 
absorbed onto the zeolite layer 150, which is capable of 
absorbing HC, facilitates the dissolution of the nitrate 
and the sulfate of the potassium. More specifically, the 
zeolite layer 150 continuously dissolves the nitrate and 
the sulfate by using the slight amount of HC included in 
the exhaust gas in order to recover the NOx absorbing 
performance of the catalyst 

[0056] The zeolite layer 1 50 of the present embodi- 
ment does not include any catalyst substances such as 
noble metaJ (e.g., platinum), and therefore, the platinum 
and the like do not take a catalytic action in the zeolite 
layer 150. Thus, there is no chemical reaction between 
the potassium fixed to the zeolite layer 1 50 and the SOx 
in the exhaust gas. This decreases the consumption of 
the absorbing agent with this chemical reaction, and 
maintains a high NOx absorbing performance of the cat- 
alyst. 

[0057] The zeolite layer 1 50 may be formed of vari- 
ous types of zeolite such as MFI type, Y type, X type, 
mordenite and ferriellte. In this case, zeolite conforming 
to the composition of the exhaust gas is selected in view 
of the structure relevancy with the absorption HC spe- 
cie. 

[0058] The cation exchange ability of the zeolite is 
in inverse proportion to a ratio SI0 2 /A10 2 of the zeolite, 
and the heat-resisting performance of the zeolite is in 
proportion to this ratio. Therefore, this ratio is increased 
as much as possible in order to improve the heat-resist- 
ing performance according to the present embodiment. 
Preparing the components of the zeolite In such a way 
as to decrease the ratio SiO^AI 0 2 makes it possible to 
improve the absorbing agent acquisition performance of 
the zeolite. This reduces the dissipated amount of the 
absorbing when the catalyst is used at a high tempera- 
ture for a long period of time. 

[0059] In order to evaluate the durability and the 
absorbing agent dispassion preventing performance of 
the exhaust gas purifying catalyst according to the 
present embodiment in which the zeolite layer 150 was 
formed between the cordierite carrier 1 1 0 and the cata- 
lyst layer 130, an NOx catalyst in which the zeolite was 
provided as an Inhibition layer between the catalyst 
layer, to which the absorbing agent including the potas- 
sium was added, and the cordierite carrier was manu- 
factured, and the potassium content of an unused NOx 
catalyst was found by an XRF method. Moreover, a 



bench test and a vehicle running test were conducted 
with respect to an engine provided with the NOx cata- 
lyst As a result, the potassium content of the NOx cata- 
lyst that was used at a high temperature for a long 
period of time was found, and the dissipated amount of 
the potassium was found by dividing a difference in the 
potassium content before and after the use of the NOx 
catalyst was found as the potassium by the original 
potassium content. 

[0060] Fig. 12 shows the result of an experiment 
conducted with respect to the catalyst of the present 
embodiment having the zeolite layer 150 and the results 
of experiments conducted with respect to an original 
catalyst in which the catalyst layer is held on the carrier, 
the catalyst of the third embodiment having the silica 
layer 120 and the catalyst of the fourth embodiment 
having the tltanla layer 140. 

[0061] As shown in Fig. 12, the dissipated amount 
of the potassium in the original catalyst was dozens of 
% to 50%, whereas the dissipated amount of the potas- 
sium in the catalyst of the present embodiment was ten 
plus several %. This means that the dissipated amount 
of the potassium as the absorbing agent from the cata- 
lyst can significantly be reduced. The dissipated amount 
of the potassium in the catalyst of the third and fourth 
embodiments was twenty plus several %. 
[0062] As is the case with the third and fourth 
embodiments, the catalyst of the present embodiment 
was subjected to a bench test and a vehicle running 
test, and then, an elementary analysis was conducted 
with respect to a cut surface of the catalyst by the EPMA 
method. As a result, It was found that the potassium 
added to the catalyst layer 130 was prevented from per- 
meating the cordierite carrier 1 1 0 even If the catalyst 
was used at a high temperature for a long period of time. 
[0063] It should be understood, however, that there 
is no Intention to limit the invention to the specific forms 
disclosed, but on the contrary, the invention is to cover 
all modifications. 

[0064] For example, the honeycomb cordierite car- 
rier is used as a porous carrier in the above embodi- 
ments, but the present Invention can also be applied to 
an exhaust gas purifying catalyst provided with a carrier 
formed of material other than the cordierite. The use of 
a metal carrier prevents the splash of the absorbing 
agent and prevents the deterioration of the exhaust gas 
purifying performance of the catalyst, although the pre- 
vention of the permeation of the NOx absorbing agent 
into the carrier is nearly out of question. The honey- 
comb cordierite carrier is used, the shells thereof are 
not only quadrangular but also triangular and hexago- 
nal. 

[0065] The silica layer 120, which is comprised 
mainly of silicon dioxide, constitutes the inhibition layer 
according to the third embodiment; the titania layer, 
which is mainly comprised of titanium dioxide, consti- 
tutes the Inhibition layer according to the fourth embod- 
iment; and the zeolite layer 150 constitutes the inhibition 



15 



20 



25 



30 



35 



40 



45 



50 



7 



m 



13 



EP 1 078 678 A2 



14 



layer according to the fifth embodiment The compo- 
nents of the inhibition layer, however, should not be 
restricted to the silicon dioxide, the titanium dioxide and 
the zeolite. 

[0066] More specifically, the inhibition layer may be 5 
composed of a layer with a high acidity by using other 
acid material than the silicon oxide. The habiting layer 
may also be composed of a layer with a high basicity, 
which is mainly comprised of basic materials (e.g., alkali 
metal such as barium (Ba) and barium oxide (BaO), 10 
instead of the titanium oxide. Moreover, the inhibition 
layer may be composed of a layer with a large specific 
surface, which is comprised mainly of a material with a 
large specific surface such as zeolite; a layer composed 
of an element compound with a heavy molecular is 
weight, which is comprised mainly of a stable basic 
material with a heavy molecular weight such as a bar- 
ium sulfate; and a layer with a small crystal lattice. 
[0067] In a wide sense, the present invention can 
form the inhibition layer from an acid oxide including an 20 
acid substance; a composite oxide including an acid 
substance; and a material that never disturbs a reactiv- 
ity between a nitrogen oxide and said absorbing agent; 
and a material that absorbs a reduced substance. The 
acid substance may include at least one material 25 
selected from transition elements of IV, V and VI groups 
and typical elements of IV, V and VI groups. 
[0068] According to the third through fifth embodi- 
ments, one inhibition layer 120, 140 or 150 Is formed on 
the external surface of the carrier 1 1 0 between the car- 30 
rier 1 10 and the catalyst layer 130, but the number and 
position of inhibition layers should not be restricted to 
this. For example, one inhibition layer may be formed on 
the external surface of the catalyst layer. In the case of 
a catalyst with a plurality of catalyst layers, one or more 35 
inhibition layers may be formed at least one position 
between the carrier and the catalyst layer, Inside the 
catalyst layer or on the external surface of the catalyst 
layer. 

40 

Claims 

1. An exhaust gas purifying catalyst, which includes a 
carrier (10, 110) and a catalyst layer (20, 130) and 

in which at least one of alkali metal and alkali earth 45 
metal is added as an absorbing agent to said cata- 
lyst layer, said exhaust gas purifying catalyst 
wherein: 

an inhibiting agent (30, 120, 140, 150) is pro- so 
vided in said catalyst layer in order to inhibit a 
movement of said absorbing agent In said cat- 
alyst. 

2. An exhaust gas purifying catalyst according to 55 
claim 1 , wherein: 

said inhibiting agent (30) is dispersed and 



mixed in said catalyst layer (20). 

An exhaust gas purifying catalyst according to 
claim 2, wherein: 

said inhibiting agent (30) includes an acid oxide 
including at feast one acid substance selected 
from transition elements of IV, V and VI groups 
and typical elements of IV, V and VI groups; a 
composite oxide including said at least one 
acid substance; and at least one material 
selected from a group composed of a material 
that never disturbs a reactivity between a nitro- 
gen oxide and said absorbing agent and a 
material that absorbs a reduced substance. 

An exhaust gas purifying catalyst according to 
claim 2, wherein: 

said inhibiting agent (30) includes zeolite. 

An exhaust gas purifying catalyst according to 
claim 2, wherein: 

said inhibiting agent (30) includes an acid oxide 
comprised of at least one acid substance 
among silica, titanium and tungsten. 

An exhaust gas purifying catalyst according to 
claim 2, wherein: 

said absorbing agent Includes potassium; and 
said carrier (10) is comprised of a porous car- 
rier. 

An exhaust gas purifying catalyst according to 
claim 1, wherein: 

said inhibiting agent (120, 140, 150) is provided 
in a form of a layer in said catalyst layer (1 30). 

An exhaust gas purifying catalyst according to 
claim 7, wherein: 

the layer of said inhibiting agent (120, 140, 150) 
is formed at least one position among the fol- 
lowing positions: a position between said car- 
rier (110) and said catalyst layer (130), in said 
catalyst layer (130), and an external surface of 
said catalyst layer (130). 

An exhaust gas purifying catalyst according to 
claim 7, wherein: 

the layer of said inhibiting agent (120, 140, 150) 
comprises an acid oxide including at least one 
acid substance selected from transition ele- 
ments of IV, V and VI groups and typical ele- 
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merits of IV, V and VI groups; a composite 
oxide including said at least one acid sub- 
stance; and at least one material selected from 
a group composed of a material that never dis- 
turbs a reactivity between a nitrogen oxide and s 
said absorbing agent and a material that 
absorbs a reduced substance. 

10. An exhaust gas purifying catalyst according to 
claim 7, wherein: 10 

said Inhibiting agent (120, 140, 150) Includes 
zeolite. 



11. An exhaust gas purifying catalyst according to 
claim 7, wherein: 



said absorbing agent includes potassium; and 
said carrier (1 10) is comprised of a porous car- 
rier. 

13. An exhaust gas purifying catalyst according to 
claim 7, wherein: 

the layer of said Inhibiting agent (120, 140, 150) 
comprises at least one of the following: a layer 
with a high acidity, a layer with a large specific 
surface, a layer with a small crystal lattice, a 
layer composed of an element compound with 
a heavy molecular weight, and a layer with a 
high basicity. 



15 



said inhibiting agent (120, 140, 150) includes 
an acid oxide comprised of at least one acid 
substance among silica, titanium and tungsten. 20 

12. An exhaust gas purifying catalyst according to 
claim 7, wherein: 



25 



30 



zeolite. 

16. An exhaust gas purifying catalyst according to 
claim 8, wherein: 

said inhibiting agent (120, 140, 150) includes 
an acid oxide comprised of at least one acid 
substance among silica, titanium and tungsten. 

17. An exhaust gas purifying catalyst according to 
daim 8, wherein: 

said absorbing agent includes potassium; and 
said carrier (1 1 0) is comprised of a porous car- 
rier. 

18. An exhaust gas purifying catalyst according to 
claim 8, wherein: 

the layer of said inhibiting agent (1 20, 1 40, 1 50) 
comprises at least one of the following: a layer 
with a high acidity, a layer with a large specific 
surface, a layer with a small crystal lattice, a 
layer composed of an element compound with 
a heavy molecular weight, and a layer with a 
high basicity. 

19. An exhaust gas purifying catalyst according to 
daim 12, wherein: 

the layer of said inhibiting agent (1 20, 1 40, 1 50) 
comprises at least one of the following: a layer 
with a high acidity, a layer with a large specific 
surface, a layer with a small crystal lattice, a 
layer composed of an element compound with 
a heavy molecular weight, and a layer with a 
high basicity. 



14. An exhaust gas purifying catalyst according to 
claim 8, wherein: 



40 



the layer of said inhibiting agent (120, 140, 150) 
comprises an acid oxide including at least one 
acid substance selected from transition ele- 45 
ments of IV, V and VI groups and typical ele- 
ments of IV, V and VI groups; a composite 
oxide including said at least one acid sub- 
stance; and at least one material selected from 
a group composed of a material that never dis- so 
turbs a reactivity between a nitrogen oxide and 
said absorbing agent and a material that 
absorbs a reduced substance. 



15. An exhaust gas purifying catalyst according to 55 
claim 8, wherein: 

said inhibiting agent (120, 140, 150) includes 
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